Regulations in energy markets that began in a number of countries in 1980s has become more widespread in many countries especially in 2000s. In this context, the fact that how the sectorial regulations affect the economy has become an important point in the name of policy implementers. Within the scope of this study, the effect of anti-competitive regulations in energy markets of OECD countries between the years of 1975 -2007 on total factor productivity was examined. It is aimed to evaluate effects of sectorial anti-competitive regulation by the use of regulation impact indicator that has been taken from the data base of OECD. In econometric estimations, which were performed by using unbalanced panel data, Cobb-Douglas type of production function that includes energy was characterized and total factor productivity was calculated as residuals of production function in this direction. In consequence of the analysis, it is stated that in case when the regulations in energy market are anti-competitive, they affect total factor productivity in a negative direction. Öz 1980'li yıllarda birkaç ülkede başlayan enerji piyasalarındaki serbestleşme, özellikle 2000'li yıllara gelindiğinde pek çok ülkede yaygınlaşmıştır. Bu bağlamda politika uygulayıcılar için sektörel düzenlemelerin ekonomiyi nasıl etkilediği önemli bir nokta olmaktadır. Çalışmada 1975-2007 yılları arasında OECD ülkeleri enerji piyasalarındaki rekabet karşıtı düzenlemelerin toplam faktör üretkenliği üzerindeki etkisi incelenmiştir. OECD'nin veri tabanından alınan düzenleme etkisi göstergesi kullanılarak sektörel rekabet karşıtı düzenlemelerin etkilerinin göz önünde bulundurulması amaçlanmıştır. Dengesiz panel veri kullanılarak yapılan ekonometrik tahminlerde enerjiyi içeren Cobb-Douglas tipi üretim fonksiyonu tanımlanmış ve toplam faktör üretkenliği bu doğrultuda üretim fonksiyonunun artıkları olarak hesaplanmıştır. Analiz sonucunda enerji piyasasında yapılan düzenlemelerin, rekabeti engelleyici olması durumunda toplam faktör üretkenliğini negatif yönde etkilediği belirlenmiştir.
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Introduction
Along with the process of globalization, technological progress, modernization, increased population and global expansion; the energy sector has come to a very important position in terms of both supply and demand to which all the eyes turned. Therefore, today energy resources in many areas constitute the raw materials of many products and are used to meet the global energy needs. However, the variety and use of energy sources vary over the years. Traditionally used fuels such as coal and wood are still used, yet the energy sources such as natural gas, renewable energy, and nuclear energy are also used.
The traditional structure of the production, spillover and distribution of energy, especially of electrical energy, began to be criticized from the beginning of the 1980s in the world and in order for the change of this nature, the steps have been taken primarily in the. The existing traditional and monopolistic structure causes negativities in terms of effective use of resources, competition, efficiency and quality of services; and that is considered as the main axis of the criticism.
There are many impacts of the energy market reform processes on the countries especially in terms of economic, social and environmental dimensions. Therefore, it is important to evaluate the causes and consequences of the reforms and understand this changing structure of the energy market. In this way, it will be possible to identify sustainable, environmentally friendly, effective policies that reduce dependence. Similarly, the reforms on the market have direct and indirect effects on the main players of the market as well as the industry and the household. It is important to know the impact of the reforms on these key players in order to analyze the implications of these on the economy in the short and long term.
In this article, it is aimed to examine the impact caused in the economy by anticompetitive arrangements made in the energy market for the OECD member countries. In this context, the concept of total factor productivity will be used. In the following section, the transformation of the energy market is described; then the arrangement impact indicators and the energy use in production function that form the basis of the analysis. In the subsequent parts, the focus is on empirical analysis and the estimation strategies are mentioned with respectively the total factor productivity calculation methods in the data sets, models and literature. Finally the model is estimated and the article is finalized by interpreting the results.
The Liberalization of the Energy Market and the Regulations Made in the Markets
Comprehensive programs such as reconstruction, privatization of liberalization in different sectors such as telecommunications, energy, postal services and railways in many different countries such as the US, Argentina, Britain, France, Mexico, Norway, Russia, and New Zealand including Turkey in the last 20-25 years all over the world entered into force. However, this part will focus in particular on the change of the countries in terms of the energy market.
The liberalization movements of the energy market is often defined as the establishment of independent energy sector regulators along with the steps towards launching and increasing competition in the market, yet sometimes only the privatizations are referred.
The changes in the energy market in the world basically began in the early 1980s. The main reason for this is the cost problems created by the oil crisis as well as the declining growth rate of electricity demand and the increased electricity prices in real terms at the end of the 1970s. When the discontent of the sector performance and the impression that the observed problem has become chronic was combined with the tendency to give more weight to market which put its mark generally on those years, the new industry structure quests have come up on the agenda which included more private actors in the electricity sector and thus aimed at the increase of economic efficiency (Zenginobuz, 2000: 104) .
Prior to 1980, public ownership was preferred in the provision of energy services in many countries, while the reforms including privatization, liberalization, and the restructuring of the energy market in the developing and developed countries started to be discussed and considered as a solution along with the national differences.
In his study on the liberalization process of the energy markets, Politt (2012) stated that the liberalization of the gas supply in the oil and exploration-production stage is related to the full or partial privatization of the state-owned companies. He also stated that the liberalization of the gas supply at the refining, processing and distribution phase can be associated with structural reforms in order to make the wholesale and retail sales competitive in the privatizations and national industries. The liberalization of the coal market is in line with the development of the electricity and gas markets in the country.
Finally, if we are to examine the arrangements of the energy market in the OECD area, we see that the OECD indicators suggest that quantitative market-oriented reforms got more common in the last twenty years. The following graphs were prepared using the OECD regulation indicators data (Conway et al., 2006) . The regulation indicator grades the arrangements of the countries outside the manufacturing industry between 0 and 6; and 0 represents the least restrictive condition, while 6 represents the most restrictive condition. It is possible to access these grades since 1975 for each country.
When the graphs are examined, several countries such as the United Kingdom, Norway and Canada have been observed in between 1970 and 1980 to begin the reforms. Especially after the 1990s, it is possible to say that the regulations on the electricity and gas markets for all countries are aimed at increasing liberalization of the markets. 
Graph: 2 Country Scores of 2007
If it is necessary to further clarify this issue, we can say that the average grades of the electricity market in the 27 member countries of OECD are respectively 5.5, 5.1 and 1.9 for 1970, 1991 and 2007 . This is an indication that the liberalization of the electricity market has accelerated in the 1990s. A similar situation also applies to natural gas. The natural gas market average of 27 member countries of the OECD are respectively 4. 6, 4.4 and 2.4 for 1970, 1991 and 2007 . Another conclusion drawn from the grading is that the natural gas market was much more liberalized than the electricity market in the 1970s, while the liberalization of the electricity market was more in the 2000s.
When this graph is examined for Turkey, it is noted that Turkey follows a similar trend as the other OECD member countries. In this context, while there was a stricter electricity and gas market in the 1970s, the liberalization accelerated in both markets in the 2000s. While the electricity market grade in 1975 was 6 which showed the strictest state, it fell to 2.7 in 2007. A similar transformation occurred in the natural gas market and the grade 6 of the 1975 fell to 3.2 in 2007 just as the electricity market. Another important point to note here is that Turkey's electricity market has more free market conditions than the natural gas market in 2007. 
Regulation Impact Indicators
The regulation impact indicators which form the basis of the analysis in this study are the industrial indicators measuring the chain/indirect impacts of the non-manufacturing sector regulations on all sectors of the economy as defined by the OECD. The main pillar of this indicator is that the regulations applied on a certain sector affect the organizational structure and the costs of other sectors which use the product in this sector as inputs.
While explaining the regulatory impact factor, Conway et al. (2006) stated that the anti-competitive regulation indicators in the non-manufacturing sectors are used in calculating the indirect effects of the regulatory conditions on the sector level not only on a time series, but also on the horizontal section. It has been found out that the anti-competitive regulation indicators in the non-manufacturing sectors do not have a direct impact on the market conditions in these sectors, but also have less visible impacts on the cost structures encountered by the companies that use outputs from the non-manufacturing sectors as the intermediate input in the production processes. In other words, the impact of the market regulations that restrict competition in the non-manufacturing sectors is not limited to that sector and affects the sectors where it is used as intermediate inputs.
Thus, the arrangements in the non-manufacturing sectors will be distributed in the economy through other channels such as the impacts on the prices of investment goods and wages. While calculating the regulatory impact factor, the input coefficients are used for each country with the help of input -output tables. In this way it is possible to measure which intermediate input is used as the final output. Therefore, the regulatory impact indicator is a measure of to what extent each sector of the economy is exposed to anti-competitive arrangements in the non-manufacturing sectors.
The formula used to calculate the regulatory impact indicators is as follows: RIF kt = ∑ R jt j . W jk where the variable R jt is an indicator of anti-competitive regulation in non-manufacturing sector j at time t and the weight W jk is the total input requirement of sector k for intermediate inputs from non-manufacturing sector j.
The total input coefficients in the formula above are used to measure the importance of the regulated industry which is the intermediate input supplier for another industry. These indicators are calculated for 29 OECD countries including the 1975-2007 period.
If the regulatory impact indicator value becomes high, it can be said that there are strong regulatory constraints. This means low competition. On the contrary, if it gets a low value, it indicates the high level of the competition. Conway et al. (2006) used the regulatory impact indicators while studying the impact of the commodity market regulations on productivity shocks. For this reason, the anti-competitive variable including the above-mentioned non-manufacturing sectors (airlines, railways, road transport for transport, gas and electricity for energy, postal and telecom for communication) is used as a proxy for the regulations that apply to the entire economy. In this model, it is presumed that the shocks on the labor productivity of leader countries or sectors might have a direct impact on the labor productivity growth in the following countries. The model based on the productivity of labor estimated both the aggregate and sector levels. In the model, while the growth in labor productivity per worker is taken as the dependent variable, the independent variables are the variability in the productivity of the technology leaders, the difference at the productivity levels, goods market regulations, the interaction of the regulation and productivity deficit, production gap, human capital, information and communication technology investments, the country fixed effects and the country time trends. The empirical results showed that the restrictive property market regulations slow down the adjustment process and the impact of the anti-competitive arrangements were found to be negative and significant. The harmful effects of anticompetitive arrangements among all countries included in the study were greater in sectors that use information and communication technologies intensively.
Similarly, while examining the relationship between competition policy and productivity growth, Arnold et al. (2008) used the regulatory impact indicator variable. The purpose of this study is to provide new evidence about the arrangements and activities relationship of the resource allocation between firms. According to this, improper adjustments can affect productivity performance. According to the analysis using the error correcting model results with the basic properties of the multifactor productivity equation supported by policy, the resources are distributed less efficiently in the industries where the anti-competitive regulations (and particularly information and communication technologies) are more.
While examining the impact of market regulation on the competition degree based on flexibility of profitability and average profitability, Braila (2010) used this indicator. Since the indicator regulatory measures on the market competition showed its impact late in this study for the Belgian economy for the years 1997-2004, they are used as delayed for two years. The study concluded that the markets are more independent, therefore there is an increase in competition when the regulations in the economy are facilitated.
De Serres et al. (2006) examined the impacts of the regulations on the financial systems for the OECD countries using this indicator. In this sense, he analyzes whether the regulations in the banking system facilitated the competitiveness and are favorable for the development of the securities market, and whether they have a positive effect on the productivity, sector output, growth, and productivity growth and penetration rate of the companies into the market. The results obtained using panel regression techniques show that the financial system regulations have a statistically significant effect on the output and productivity growth as well as on company penetration.
In another study on the effects of the regulations made using panel data (Arnold et al, 2011 ) the relationship of firm-level productivity estimation and anti-competitive regulations were examined. In the analysis, the results confirmed that the competitiveness level affects the growth of total factor productivity. When the regulations on the product markets suppress the competition, it is determined that the productivity performance of the company reduces.
Energy in the Production Function
Energy is mostly neglected as a production factor in the traditional economic theory. The main basis of this is that energy has fewer shares in the total factor costs compared to labor and capital. However, energy is a basic need today and it is necessary for the production. Therefore, as the input, energy affects production and therefore the overall economics. Especially two major oil crises of the 1970s showed marked that energy might have big economic impacts; thus, all the energy production functions that included energy began to be formulated since the mid-1970s.
In the article on a production function that emphasizes energy for Austria, Tintner et al. (1977) used the Cobb-Douglas production function. When the Austria data are analyzed, optimum results are obtained when only the technical progress is considered with the constant returns to scale. The flexibility of energy production is obtained around 30%. Kümmel et al. (1985) stated that energy is a basic production factor just as capital and labor and presented the LINEX, the linear exponential production function as a function based on economic concerns as well as physics and technology. LINEX function has a linear dependency on energy, while it is exponentially dependent on labor capital ratio and energy capital ratio. Lindenberger and Kümmel (2002) tried to integrate the economy with thermodynamics in their study, and stated that the production function is related to the capital, labor, energy, and technological parameters. Furthermore, they stated that the majority of the residues in the neo-classical growth model would disappear when dealt with in an appropriate manner as a factor of production (2002:102). In this context, PRISE which is an optimization model (Price Induced Sectoral Evolution) has been proposed. Model is designed for analyzing changes in inputs, outputs and profits in the different labor and energy intensive sectors of economy in response to the changing factor prices. Lindenberger (2003) has expanded the LINEX production function to service sector production function. While expanding, he has obtained energy-dependent production functions by specifying the technological boundary conditions of production flexibility.
While examining the economic growth of Germany, Japan and the US, Kummel (2007) used LINEX production function which includes energy. As a result, when the share of production in the total factor cost of the average production flexibility is compared for those countries with a high level of industrialization, 70% for labor, 25% for capital and 5% for energy is observed.
Aside from the above-mentioned production functions, it is possible to often encounter production function with fixed nested substitution flexibility in the computable general equilibrium models which include energy / environment. As a result of the widespread use of nested CES production functions in the studies including capital, labor, energy and material, these functions are also named as KLEM production functions (Chang, 1994; Grepperud and Rasmussen, 2004; van der Werf, 2008) . In the study in which where the energy should enter the production function is discussed, Lecca et al. (2011) stated that the most important feature of nested CES production functions is that they include a production function having the same elasticity of substitution in each slot regardless of the factor proportions and scale. Using such a hierarchical production function provides potential differentiation of substitution flexibility among the inputs in different nests. However, it should also be noted that the substitutability/ complementary relationship between the other factors of production (especially capital) and energy is a highly controversial subject in the literature (Sorrel, 2008; Thompson, 2006) .
Even though many studies uses the nested CES function on this subject in some studies less restrictive functional forms are used. Thompson (2006) used Cobb-Douglas, log linear function, translog production function and cost functions. In his study, it is stated that simpler functional forms can be used for production estimates while production function is expanded with natural resources, energy, labor and capital inputs.
In addition to the above-mentioned energy is included in the production function in the studies examining energy and economic growth and the analyses are usually performed in this manner.
From this part on, the impact of the energy market regulations on the economy is analyzed. Therefore, a production function incorporating energy will be described in the study and the analysis and estimation methods are discussed and empirical analysis is made.
Dataset
The analysis included the real gross domestic product, real gross fixed capital stock, labor, energy use and impact indicators data were used from 28 OECD member countries for the period 1975-2007. The data set comprises of 806 observations and is an unbalanced panel data set. Further details of the data set are given in the Table 1 . Representing the capital accumulation Penn World Tables 8.0 capital stock data were used and these data are taken from the database of the Groningen Growth and Development Centre (Feenstra & Inklaar & Timmer, 2013) . Gross fixed capital stock was calculated using the perpetual inventory method in constant 2005 national prices (2005 million US dollars). In addition to capital stock data, Penn World Tables are also used for the labor input.
For the output of the production function, real gross domestic product with constant 2005 national prices (million 2005 US dollars) is used, and like in labor and capital stock data Penn World Tables are used and data are taken from the database of Groningen Growth and Development Centre. Energy use data (kilotons of oil equivalent) is from the World Development Indicators database which is the data base of the World Bank. The regulation impact factor data is taken from the OECD database and is described in detail in previous chapters. The descriptive statistics of all variables are shown in Table 2 . 
6.Model
The production function to be estimated involves three factors, namely labor, capital and energy:
Y=F (K,L,E)
Here F (.) is assumed as the Cobb-Douglas production function, and energy input is also used along with the standard inputs. The spillover literature is used in measuring the impact of regulatory impacts on the economy at the estimation of production function and afterwards. The most common approach in the standard spillover literature is to estimate the total factor productivity by estimating the production function with the help of factor inputs. The resultant total factor productivity estimations also subjected to a certain information spillover criteria regression.
From this point of view, the equation of the production function of Griliches (1979) is as follows: Residues obtained from the estimation of the production function are taken as an indication of the productivity in a compatible manner with the literature. Thus, the part unexplainable with factors of production, in other words, the second part of the analysis on how the total factor productivity is affected by regulations impact indicators was performed.
Estimation Strategy and Results
First of all, cross section and time series properties of the data were investigated before estimating the model. For this purpose, first generation unit root test (Maddala and Wu, 1999) and second generation unit root test (Pesaran, 2007) was applied to all variables. In addition to unit root tests, cross sectional dependency test (Pesaran, 2004) was applied to all variables. The detailed results were presented in the appendix section of this study. The main reason why the unit root tests were performed carefully was that disregarding of unit root problem in the analysis of panel data causes the spurious regression.
It was revealed as a result of the root tests of the panel unit that the variables had unit roots on level, but after taking their first differences, they became stationary. Besides, it was revealed according to the results of cross sectional dependency tests that all variables were dependent both on level and after first differences was taken.
The issue that became important after this stage is to estimate the production function correctly. Since the variables show cross sectional dependency, it should be examined in the result of analysis if the residuals are dependent on cross sections as well. When the cross sectional dependency test of the residuals were performed, if they were determined as cross sectional dependent, this situation might cause the estimations likely to be inconsistent and biased. This means that the statistically significant spillover variable reflects the data dependencies, originated from other common factors in the countries and sectors included in the sample, rather than representing the real spillovers (Eberhardt & Helmers & Strauss, 2013) . Therefore, after this stage, within the scope of the research question, the empirical practice is based on the study of Eberhardt, Helmers and Strauss (2013) and is carried out using different estimators. Thus, it was intended to make the most accurate estimation of production function.
It is possible to summarize the different approaches used in the study with the table given below: Eberhardt, Helmers, and Strauss, 2013. Each estimator in the table includes different assumptions about the basic data generating process. First of all the models, of which technology parameters are mutual, and then the models with heterogeneous technology parameters were estimated and afterwards the results were evaluated. The cross-sectional dependency for the residuals of all estimated models and constant returns to scale were tested, the order of integration was investigated and the most appropriate model was intended to be selected. Common technology parameter model assumes a common technology for factor inputs. This assumption was modified in the models, in which heterogeneous technology parameters were assumed. For the estimators on the left side of the table dummy variable representing the year was augmented. As well as cross-section demeaned mean group estimator has an assumption of common impact of unobservable factors, it is heterogeneous in terms of technology parameters. The right side of the table allows the unobservable factors to vary from country to country.
All of the mean group estimators, used in the estimations follow the same methodology. According to this methodology, the first stage is the estimation of the least squares regression in respect of the countries and the regions. The second stage is to calculate the arithmetic averages of the estimated coefficients of the groups in themselves. Mean group estimator models and estimates the unobservable effects through a linear trend. Common correlated mean group estimator uses the regression equations, which have been augmented with time vector belonging to the each cross section unit. The estimated equation with this estimator includes the cross section averages of the dependent and independent variables as well. Thus, the consistent estimations of the parameters with respect to the observed variables could be obtained.
The statistically standard pooled estimations of the production function are given in Table 4 . The pooled common correlated effects estimator was estimated both with its standard version and year dummy variable. Wald test was applied to measure the assumption of constant returns to scale for each model; the unit root tests as well as the cross sectional dependency test were performed to the residuals. The estimation results of the models with heterogeneous technology parameters are given in Table 5 . All models were estimated as including, or not including trend. The labor, capital and energy coefficients of mean group model and common correlated mean group model, which doesn't include trend, were significant. Besides, the residuals of both models were stationary. But the residuals of the model, for which mean group estimator was used, were cross sectional dependent. Even though the model estimated with common correlated mean group estimator produced the residuals that were cross sectional dependent at the 10 % significance level. It is possible to accept the empty hypothesis which means cross sectional independency, at the 5 % significance level.
When the production function is estimated with heterogeneous models with trend, the capital stock becomes insignificant. Resulting as insignificant is a usually seen situation in literature. In addition, energy input can be considered as supplementary of the capital as well. When the residuals of the models including trend examined, it is seen that common correlated mean group estimator model doesn't contain cross sectional dependency. In addition, the model produced stationary residuals.
The energy variable resulted as insignificant in both models, which are estimated with cross section demeaned mean group estimator with or without trend. Moreover, when their residuals are examined, it is hard to decide exactly if the residuals are stationary, and it is revealed that the residuals of both models were cross sectional dependent. Therefore, it is not possible to use the model, estimated with this estimator.
After this stage, a choice between these two models including cross sectional independency is made and it is decided to move to next stage by using the residuals of common correlated mean group estimator, which doesn't include trend and in which, the capital stock is economically significant. In addition to this, the chi-square value generated by Wald test of the model, not including trend was higher than the one, including trend, reveals that the model, not including trend is suitable for use in the next stage.
In the next stage, the regression analysis was realized with respect to that how the productivity values which are determined by the production function, estimated by using common correlated mean group estimator, not including trend; were affected from regulation impact indicators. The results of this analysis are given in Table 6 . When the Table 6 examined, it is possible to say that regulation impact factor is insignificant logarithmically on the level 2 . Besides; the Chi-square values that were obtained as a result of the Wald test refused the model. When the growth rate of the regulation impact factor was analyzed, it is seen that it was significant at 1 % level. In both cases, the direction of regulation impact is negative. As a result of using common correlated mean group estimator, which has used more flexible structure than other models did and allowed for heterogeneous effects, even though its significance level could decrease since it took into account the spillover effects as well, such a problem didn't exist after this model have been used.
Expressing the result of the estimation more clearly, how much the rate of growth of anti competitive regulations in the energy market increases, the more total factor productivity of the economy decreases. Since the growth rate was included in the model, this result implied that the change in the market would be more significant with the effect of expectations. In this regard, it is possible to conclude that the anti competitive regulations in energy markets have caused the total factor productivity of the economy to decrease.
Conclusion
This study examines how the regulations in the energy market affect the economy. For this purpose, the regulatory impact indicator which is created with the input-output tables and shows the impact of the energy market regulations on the entire market. When the present studies are examined, there has been no similar study encountered using regulation impact indicators in the energy market. Therefore, this study is expected to contribute to the existing literature.
It is considered in the study that working particularly with an accurate estimator could be influential on the results to accurately predict the production function. Thus, in order to find a response to the question intended in the study, the recent literature has been benefited from to find the correct estimator and new methods are also used considering cross-sectional dependency. It is interesting for future studies to see how the effects of defining different production function would be.
The regulatory impact indication that is an OECD calculation is used in the analysis. The main advantage of using this indicator is its direct relationship with existing policies. In this regard, it is expected that the analysis results will shed light on the energy market regulations to be made in the future.
As a result of all the analyses, the estimates were found to be biased determination of the results, if the horizontal cross-sectional dependence is not taken into account. Besides, when the horizontal cross-sectional dependence is not taken into account, the regulatory impact indicators affect the total factor productivity at approximately 3.8%; and when the dependencies are taken into consideration this rates falls to approximately 2.4%.
Therefore, another conclusion of the work is the necessity to consider that the criteria including only the spread of regulatory impact in the analyses, and there are also other impacts that cannot be observed. Otherwise, the obtained results may be biased.
When the results derived from the empirical study made with the 1975 to 2007 data of 28 OECD countries are considered, in accordance with the expectation, the anticompetitive regulations in the energy market have a negative impact on the total factor productivity which is the unexplained part of the economy by the economic factor inputs. This shows that the result might have a negative comeback to the economy when there is an anti-competitive regulation at the phase of forming energy market regulatory policies. The fact that the growth rate is significant, not the regulatory impact indication indicates that the impact of the expectations and the change in the market gives rise to more significant results. These results are important for the international capital movements and investments. Therefore, it is necessary to carefully examine the reflection of this result by policy makers.
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